The results of the experiments presented in the two previous papers of this set showed that 35 autotetraploid ryegrass plants fell into 18 different incompatibility classes and, in particular, that only one S-Z pair in the pollen needs to be matched in the stigma for incompatibility to occur (Fearon, Hayward and Lawrence, 1984a, b). These results were obtained by pollinating tetraploids with pollen from diploids and vice versa. In the experiment described in the present paper, the classification and conclusions of these earlier experiments are put to the test by crossing the tetraploid plants inter se. The results completely confirm those of the earlier experiments. In addition, they show that there is no dominance between the alleles at either locus in the pollen and that incompatibility only occurs when both an S and a Z allele are matched in the stigma.
L INTRODUCTION
The results of an analysis of the inheritance and expression of self-incompatibility in two families of autotetraploid ryegrass, given in the two previous papers, showed that 35 plants examined fell into 18 different classes, and that only one S-Z pair in the pollen need be matched by the same combination in the stigma for incompatibility to occur (Fearon, Hayward and Lawrence 1984a, b) . These results were obtained by observing the pollination relationships between the tetraploids and two sets of related diploids, first by observing the reaction of pollen from the latter on stigmas of the former and second, by reversing this procedure. Hitherto, we have not examined the pollination relationships among these tetraploids. Since the information obtained from the first two stages of this analysis can be used to predict the compatibility of a cross between any pair of tetraploids, it is clear that the results obtained by inter-pollinating these tetraploids provide an important, confirmatory test of our conclusions. The chief purpose of the present paper is to give the results of an experiment that was designed with this argument in mind.
A further critical test of these conclusions is to show that the expected relationships between the predicted compatibility of the cross and seed-set holds. Accordingly, the seed-set results obtained by selfing and crossing members of the tetraploid families are also presented.
MATERIALS AND METHODS
Each of the 35 legitimate tetraploids, whose incompatibility genotype was determined in the first experiment, was included in the present one, together with three of the open-pollinated progeny (Fearon et a!., 1984a) . These plants were crossed in as many combinations as could be made in the time available, the combinations being chosen so as to include each of the expected compatibility levels in the experiment. Some of the pollinations were performed in 1980 and the majority in 1981. Each plant was also selfed. In all, 463 in vitro crosses and selfs were examined. Technical details for this part of the experimental work were the same as those given in previous papers (Fearon et aL, bc cit.) .
In the spring of 1982, clonal replicates of these plants were crossed for seed, using the techniques given in Cornish, Hayward and Lawrence (1980) . Crosses were again chosen so as to include each of the levels of compatibility expected on each hypothesis. In addition, 28 plants were selfed.
THEORY
The expected level of compatibility of a cross between any pair of tetraploids depends, as in diploids, on the number of alleles at each locus in the male that are not present in the female parent of the cross in question. Fifteen types of cross can be recognised, ranging from a pair where all of the alleles of the male also occur in the female to the case where there is complete non-identity in this respect. Only 12 of these 15 types of cross can be made among the classes of the present experiment.
Two modes of action of the incompatibility alleles in the pollen were considered in the previous paper; the first, hypothesis I, was that incompatibility occurs when only one S-Z pair in the pollen is matched in the stigma, whilst hypothesis 2 required the matching of both alleles at each locus. The results of the previous experiment led to the rejection of the latter. The inter-pollination of the tetraploids in the present experiment, however, allows an even better discrimination between the two hypotheses. Accordingly, the expected levels of cross-compatibility on each of these models are shown in table 1 for the twelve types of cross available.
The expected compatibilities shown in table I have been derived on the assumption that no male gametes are doubly reduced or are aneuploid and that there is no dominance in the pollen. The present experiment provides a test of the third assumption. The effects of double reduction and of aneuploidy on these expectations are similar to those described in the previous paper, namely, that both, if present, would very slightly increase the level of compatibility expected on hypothesis 1 and very slightly decrease that expected on hypothesis 2 (Fearon et a!., 1984b) . However, it is again most unlikely that failure of either of these assumptions would have, at most, more than a marginal effect on our ability to discriminate in practice betweenthese hypotheses (see Scarrott, 1981 , for a more detailed discussion of this matter). In practice, it is unlikely that we should be able to distinguish between those pollinations that are expected to be 4, and compatible on hypothesis 1; nor between those that are expected to be and compatible or between those that are expected to be f, and fully compatible on hypothesis 2. Hence we can expect to recognise only five kinds of pollination on the first and four kinds on the second hypothesis; these are shown in parenthesis under the heading "Score" in the last two columns of table 1. This loss of information, however, has only a small effect on our ability to discriminate between the hypotheses, because, whereas many pollinations between plants of different genotype are expected to be incompatible on hypothesis 1, very few are on hypothesis 2; a difference of this magnitude should be easy to detect in practice. The pattern of pollinations expected on each hypothesis when plants of families 26 x l and l x264 are crossed are shown in tables 2 and 3.
RESULTS (i) Cross-compatibility
The results obtained by crossing plants of these families ( fig. 1 ) are clearly quite inconsistent with the expectations of hypothesis 2 (table 3) nations as compatibles and vice versa; and a further 32 (37 per cent of the misclassifications) concern the misclassification of compatible pollinations as those scored as 2 and vice versa. Only two of these misclassifications involved shifts beyond the immediately adjacent pollination class. Thus while the proportion of misclassified tetraploid pollinations is rather higher than that obtained with diploids, it has overwhelmingly occurred where it might have been expected.
(ii) Seed-set The average seed-set that was obtained for each of the seven categories of cross and for the 28 plants that were selfed are shown in very low seed-set obtained from the selfs (0.14 per cent) shows that tetraploid L. perenne is highly self-incompatible. The average seed-set of the 50 incompatible crosses, though still low, is nevertheless significantly greater than that of the selfs (table 5(a)). We have previously found such a difference with L. mu1tflorum (Fearon et a!., 1983) , though the cause in neither case is clear. The analysis of variance of the seed-set of the six categories of compatible cross (table 5(b)) shows that there is no evidence in these data of any effect of the level of compatibility on seed-set. (The very low overall average seed-set of these crosses is due to the unfavourable conditions that obtained during the course of this experiment.) The most important comparison that can be made with these data is that between the seed-set of incompatible and compatible crosses which is highly significant (table 5(c)). Thus while these data cannot be used to confirm the classification of the plants of these tetraploid families in respect of compatible crosses, there is little doubt that this classification has at least separated incompatible from compatible crosses. Lastly, we note that for all three comparisons, the within crosses and/or selfs item is significantly greater than the binomial error which indicates that, in general, the variation within categories is much greater than would be expected from random causes alone.
DiscussioN
In deriving the expectations shown in table 1, it has been assumed that the alleles at each locus act independently in the pollen; that is, there is no dominance. We are now in a position to test this assumption. Consider, for example, the cross S4456Z3456 x S356Z3 which in the absence of dominance in the pollen is expected to be incompatible on hypothesis I. However, z m ifS3 is dominant to any one of the other three S alleles, the cross is expected to be compatible, since of the pollen will be S3(4)Z__, S3(S)Z__, or S3(6)Z., S3(6)Z_, as the case may be. Similarly, the cross is expected to be compatible if S3 is dominant to two of the remaining S alleles; and compatible if it is dominant to all three. Each of the S and Z alleles can be similarly tested against the others by examining the compatibility of crosses between females that possess all of the alleles at each locus except the one under test and males which are doubly tetra-allelic, for all such crosses are expected to be incompatible on hypothesis 1 in the absence of dominance. However, because the genotype S3456Z36 does not occur in the present experiment, it is not possible to test for the dominance of the Z5 allele. The seven types of cross that can be examined are shown in table 6. Thirty-five of the 38 appropriate crosses have been scored as incompatible and three as compatible ( fig. 1 ). Since the latter are distributed over two different types of cross (types 3 and 6), other examples of which, in both cases, were scored as incompatible, it is almost certain that these exceptional pollinations are due to misclassification. Taken as a whole, therefore, these data leave little doubt that the alleles at both loci act independently in the pollen, as well as the stigmas, of tetraploids.
The observation that all of these crosses are incompatible, also rules out the possibility that the pattern of pollinations obtained in these tetraploid families ( fig. I ) could be explained on hypothesis 2 with dominance of the alleles in the pollen. Thus, consider again the cross S56Z3456 x S3456Z3456, which in the absence of dominance is expected to be half-compatible on this hypothesis. However, if 53 were to be recessive to S4, 55 and 56, this cross would be incompatible; that is, this cross provides a test for the recessivity of S3 the allele missing from the female parent. The other crosses listed in table 6 provide similar tests of recessivity for remaining alleles.
The fact that nearly all of these crosses were scored as incompatible implies, on this argument, that each of the alleles is recessive in turn to the others, which is clearly impossible. Hence, the possibility that the incompatibility of these crosses is due to dominance on hypothesis 2 can be rejected.
There is one further test that can be applied to the data shown in fig.  I . Hitherto it has been supposed that incompatibility occurs when an S-Z pair in the pollen is matched by the same pair in the stigma. Though unlikely, it is possible that the alleles need be matched at one locus alone for incompatibility to occur. This possibility, however, can be dismissed for the following reasons. If matching of alleles at the Zlocus alone is sufficient for incompatibility, then the cross S3356Z3456 X S55Z356 should be incompatible. Two crosses of this type occur in the data, involving plant no. 32 used as female and plant nos. 9 and 24 used as males; in each case, these crosses were scored as partially compatible. If, on the other hand, matching of the alleles at the S locus alone were sufficient for incompatibility then the cross S3456Z3356x S3356Z56 should be incompatible; again all such crosses, which involved plant nos. 1, 7 and 87 used as females and plant nos. 70 and 92 as males, were scored as partially compatible. The possibility that matching of alleles at one locus alone is sufficient for incompatibility can therefore be rejected.
These results confirm in all respects the classification and conclusions of the first two stages of the three part procedure used to elucidate the inheritance and expression of self-incompatibility in tetraploid ryegrass (Fearon et aL, l984a, b) . The chief conclusions are that the alleles at both loci act independently both in the pollen and the stigma, and that only one S-Z pair in the pollen needs to be matched by the same pair in the stigma for the pollen to be incompatible. The results also show that there is no evidence of dosage effects in the stigma and that the chromosomes assort at random at meiosis with respect to these loci. Lastly, that only 18 of the expected 81 different incompatibility classes have turned up in these families is simply due to the relatively small number of plants that have been examined in this experiment. The number required to stand a reasonable chance of obtaining at least one representative of each of the expected 81 classes is, of course, impracticably large.
That only one S-Z pair in the pollen needs to be matched for incompatibility to occur, despite the presence of as many as three other compatible S-Z combinations strongly suggests that the growth of incompatible pollen is positively inhibited, rather than that of compatible pollen being positively stimulated. Lastly, we note that the level of cross-compatibility in a full-sib family of tetraploids is much less than in an equivalent family of diploids. This observation raises the question of the level of cross-compatibility in a population of tetraploids compared with that in one of diploids in which the same number of S and Z alleles are segregating. Lundqvist (1963) gave graphs showing the relationship between cross-compatibility and number of alleles in populations of diploids and tetraploids for species with a two-locus, multi-allelic system of self-incompatibility, though no details were given of the equations from which these estimates were obtained. We have, therefore, re-derived these equations, details of which are given in Scarrott (1981) . Like Lundqvist, we have assumed that the same number of alleles occurs at both the S and Z loci; that these alleles are equally frequent; that the genotype frequencies in the population are in deterministic equilibrium; and that the chromosomes assort at random at meiosis in the tetraploids with respect to S and Z. The results of these calculations, which confirm those of Lundqvist (bc. cit.) , are shown in table 7. It is clear from this table that whereas as few as four alleles will give over 95 per cent cross-compatibility in a population of diploids, eight are needed for the same level in a population of tetraploids. However, as soon as the number of alleles at each locus is twelve or more, this difference, for all practical purposes, vanishes. Since the alleles at each locus are subject to frequency dependent selection, it is, perhaps, unlikely that their number would be low enough in a natural population of tetraploids to have much effect on the amount of seed set, unless, that is, the population had been founded in isolation from a very small number of plants or had gone through a bottleneck. On the other hand, in deriving the estimates shown in table 7, it has been assumed that the number and frequency of the alleles at each locus is the same; if this is not true, the percentage cross-compatibility in the population would be lower than indicated in the table. However, since virtually nothing is known about the properties of this polymorphism in natural populations, the validity of these assumptions must remain for the present a matter for conjecture.
These calculations have, however, more immediate implications for the forage plant breeder, for they indicate quite clearly the risk of founding a new variety of a tetraploid grass on a very small number of basic plants. Bearing in mind that a newly-induced autotetraploid will possess, at best, only two different alleles at each locus, a cross between a pair of such plants would yield a progeny in which only four different alleles would be segregating at each locus, even if these parents were quite unrelated. A variety founded on only two plants, therefore could be expected to have only a
